Docket No. 742111-168 
Application No. 10/553,444 

Page 7 

REMARKS 

By the above actions, the title and claims 1, 3-9, 11, 12, 14 and 19 have been amended 
and new claim 20 presented. In view of these actions and the following remarks, 
reconsideration of this application is requested. 

The finality of the Examiner's restriction requirement and withdrawal of claims 14-19 
has been noted and applicant reserves his right to amend the withdrawn method claims in 
conformance with any elected claim that may be allowed along with his right to petition the 
final restriction requirement. 

Claims 1-13 have been rejected under 35 USC § 112 as being indefinite. In response 
thereto, the "preferably" and range- within-range limitations have been deleted and the 
antecedent basis problem with regard to the water/binder ratio corrected. However, as to the 
term "ultra fine", applicant disagrees with the Examiner's assessment that this is an indefinite 
relative term. To the contrary, this term has a well establish meaning in that art of cement 
compositions as can be seen from U.S. Patent Nos. 5,398,759 and 4,761,183 submitted 
herewith. Both patents show establish particle size ranges for ultra fine cement compositions 
(see, col. 2 of U.S. Patent 4,761,183 and col. 6 of U.S. Patent 5,398,759, which patent also 
uses the term tc ultra fine" in line 5 of claim 1). Therefore, since the term "ultra fine" is not an 
indefinite relative term, but rather has a meaning that is well known in the art to which this 
invention is directed, applicant should be permitted to use this term its claims. If necessary, 
either or both of the above cited patents can be incorporated by reference into the 
specification at an appropriate location to provide support for use of the "ultra fine" term in 
the claims. On the basis of the foregoing, the rejection for indefiniteness under 35 USC 
§112 should be withdrawn and such action is requested. 

Claims 1, 2 & 13 have also been rejected under 35 USC § 102 as being anticipated by 
the Kahn patent. However, to the extent that this rejection may relate to these claims as now 
presented, it is inappropriate for the following reasons. 

Claim 1 relates to a composite sandwich plate-shaped construction, comprising a flat 
tension plate 2, 9, 17, 20, a contact layer 5 and a compression layer, the contact layer 
comprising an epoxy-based material or a contact glue having a bonding strength similar to 
that of an epoxy-based material, and the compression layer (composite material 10) being an 
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inorganic layer at least comprising ultra fine particles, water and a binder, the contact layer 
being applied to the tension plate, and the compression layer being applied to said contact 
layer to form the sandwich composite construction. Furthermore, as described, for example, 
in the first full paragraph of page 22, is shown in Fig. 2 and as set forth in new claim 20, 
particles are partly embedded in the contact layer and partly extend out of the contact layer, 
the compression layer being applied over the part of the particles which extends out of the 
contact layer so as to enclose them within the compression layer. 

The Kahn patent does not disclose a sandwich construction formed of the three layers, 
let alone of the type disclosed and claimed here and described above. Instead, Kahn discloses 
a "concrete and steel panel 20" of a traditional concrete construction having embedded 
reinforcement, which is coated with an epoxy in order to avoid or diminish cracks resulting 
from shrinkage in the concrete and in order to enhance contact between concrete and steel. 
However, no epoxy layer is provided between the straightening yoke 71 and the concrete. 

The problem to which Kahn is a solution, see col. 1, lines, 19-32, is to provide a steel 
and concrete panel that approximates the characteristics of a reinforced concrete plate but 
which is stronger and uses less concrete and steel that prior reinforced concrete plate. On the 
other hand, the present invention, instead of transferring shear forces by means of studs (e.g., 
bolts 72 of Kahn), the entire surface, due to the characteristics of the contact layer, will be 
able to transfer shear forces, thereby achieving a much stronger construction due to the load 
being distributed over the entire surface and not only transferred at a number of points 
corresponding to the number of studs. See, e.g., page 3, lines 15-19. As such, without 
recognition of the advantages of the present invention, no reason would even exist to provide 
an epoxy or comparable layer between the concrete and the yoke of Kahn. Furthermore, the 
inclusion of ultra fine particles in the inorganic layer "will create a very dense layer which 
will be substantially tighter against the ingression of chlorides, C0 2 and water. These factors 
altogether create a longer lasting and stronger construction." See, page 3, lines 19-21 . 

Moreover, with regard to claim 20, the use of embedded particles in the contact layer 
provides the further advantage of "an altogether strong and ductile construction" being 
created. Such a construction is clearly not disclosed or even remotely hinted at by the Kahn 
patent. 
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Accordingly, for all of the above reasons, reconsideration and withdrawal of the 
rejection based upon the Kahn patent is in order and is hereby requested. 

As for the prior art that has been cited, but not applied against the claims, none of 
these references are believed to affect the patentability of the claims. Thus, no detailed 
comments on the unapplied prior art is considered to be warranted at this time. 

Therefore, in the absence of new and more relevant prior art being discovered, this 
application should now be in condition for allowance and action to that effect is requested. 
However, while it is believed that this application should now be in condition for allowance, 
in the event that any issues should remain, or any new issues arise, after consideration of this 
response which could be addressed through discussions with the undersigned, then the 
Examiner is requested to contact the undersigned by telephone for the purpose of resolving 
any such issue and thereby facilitating prompt approval of this application. 



Customer No. 25570 

Roberts, Mlotkowski Safran & Cole, PC 
P.O. Box 10064 
McLean, V A 22102 

Direct Telephone: 703-584-3273 



Respectfully submitted, 
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[57] ABSTRACT 

Set retarded ultra fine cement compositions which re- 
main pumpable for a predictable period of time at tem- 
peratures up to about 400° F. are provided. The compo- 
sitions are basically comprised of an ultra fine hydraulic 
cement, sufficient water to form a pumpable slurry and 
a set retarder comprised of a water soluble aliphatic 
compound containing at least three carbon atoms and at 
least one phosphonic acid or phosphonate group. 

8 Claims, No Drawings 
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SET RETARDED ULTRA FINE CEMENT 
COMPOSITIONS AND METHODS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates generally to cement 
compositions utilized in the completion and repair of 
wells, and more particularly, to set retarded ultra fine 
cement compositions and methods of their use. 10 

2. Description of the Prior Art 

In cementing operations such as those carried out in 
completing and repairing oil, gas and water wells, a 
hydraulic cement composition is prepared by mixing a 
hydraulic cement with water and other additives, the 15 
composition is placed into a subterranean zone to be 
cemented and allowed to set therein into a hard substan- 
tially impermeable mass. 

In the operation of wells used in the recovery of 
fluids from or the introduction of fluids into sub terra- 20 
nean formations problems relating to the unwanted 
passage of fluids and/or fine solids into or from undesir- 
able locations in the formation or wellbore sometimes 
occur. This unwanted passage of fluids and/or fine 
solids can severely disrupt or terminate the desired 25 
operation of a well. 

The problems involving the unwanted passage of 
fluids referred to above, ordinarily involve the move- 
ment of fluids, such as oil, gas or water through very 
small undesirable openings. These problems are not 30 
unique and the solutions have traditionally involved 
apparatus, methods and compositions adapted to cover, 
seal or to otherwise plug the openings to thereby termi- 
nate the unwanted passage of fluid through the open- 
ings. The openings referred to above include: holes or 35 
cracks in well casing; spaces such as holes, cracks, voids 
or channels in the cement sheath deposited in the annu- 
lar space between the formation face and well casing; 
very small spaces — called microannuli — between the 
cement sheath referred to above, and the exterior sur- 40 
face of the well casing or formation; and permeable 
spaces in gravel packs and formations. 

It is clear that holes or cracks in well casing and/or 
cement sheath can permit the unwanted and therefore 
uncontrolled passage of fluids therethrough. Some- 45 
times, of course, holes are deliberately made in casing 
and sheath by a known process called perforating in 
order to permit the controlled recovery of fluid from a 
formation or to permit the controlled introduction of 
fluid into a formation. The sealing or plugging of such 50 
holes or cracks, whether or not made deliberately, has 
been conducted by attempts to place or otherwise force 
a substance into the hole or crack and permitting it to 
remain therein to thereby plug the opening. Naturally, 
the substance will not plug the opening if it will not 55 
enter the opening. If the substance does not fit then, at 
best, a bridge, patch, or skin may be formed over the 
opening to produce, perhaps, a temporary termination 
of the unwanted fluid flow. 

Substances used in methods to terminate the un- 60 
wanted passage of fluids through holes or cracks in 
casing and/or sheath have been compositions com- 
prised of hydraulic cement, wherein the methods em- 
ploy hydraulic pressure to force a water slurry of the 
cement into the cracks and holes wherein the cement is 65 
permitted to harden. These methods are variously re- 
ferred to in the art as squeeze cementing, squeezing or 
as squeeze jobs. The success of squeezing hydraulic 
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cement into such holes and cracks is, among other fac- 
tors, a function of the size of the hole relative to the 
particle size of the cement as well as the properties of 
the slurry. As mentioned earlier, if the particle size of 
the cement is greater than the crack width, the cement 
will not enter and at best a patch instead of a plug is the 
result. A problem therefore is to substantially reduce 
cement particle size without reducing the hardening 
and strength characteristics of hydraulic cement. 

During the construction of a well it is known to place 
a volume of a water slurry of a hydraulic cement into 
the annular space between the walls of the wellbore and 
the exterior of the casing wherein the cement is permit- 
ted to solidify to thereby form an annular sheath of 
hardened cement. The objective of the sheath, the con- 
struction of which is referred to as primary cementing, 
includes physical support and positioning of the casing 
in the borehole and prevention of unwanted fluid (liquid 
and gas) migration between various formations pene- 
trated by the wellbore. If, for some reason, the hard- 
ened sheath contains spaces such as voids, cracks or 
channels due to problems involved in the placement of 
the slurry it is clear that the sheath may not be capable 
of providing the desired objectives. Accordingly, by 
employing known techniques to locate the voids, chan- 
nels or cracks, a perforation penetrating the spaces can 
be made in the casing and sheath and cement then 
squeezed into the spaces via the perforation so as to 
place the sheath in a more desirable condition for pro- 
tecting and supporting the casing and providing fluid 
flow control. As mentioned earlier, the success of the 
squeeze job is at least a function of the size of the space 
or spaces to be filled relative to the particle size of the 
cement. 

Another problem incidental to the formation of the 
cement sheath revolves about the occasional failure of 
the sheath to tightly bond to the exterior wall of the 
casing or the interior of the borehole. This failure can 
produce a very thin annular space called a microan- 
nulus between the exterior wall of the casing and the 
sheath or the sheath and the borehole. For the reasons 
already discussed, it is important to place a substance, 
such as a hydraulic cement, in the microannulus to 
enable the sheath to fully provide the intended benefits. 
Again, as stated above, the success of squeezing cement 
into a microannulus space is dependent upon the rela- 
tive size of the space and the particle size of the cement. 

The solid portions of some producing formations are 
not sufficiently stable and therefore tend to break down 
into small pieces under the influence of the pressure 
difference between the formation and the wellbore. 
When fluid, such as oil or water, flows under the influ- 
ence of the pressure difference from the formation to 
the wellbore the small pieces referred to above can be 
carried with the fluid into the wellbore. Over a period 
of time, these pieces can build up and eventually dam- 
age the well and associated equipment and terminate 
production. The art has solved this problem by placing 
in the wellbore a production aid which is referred to in 
the art as a gravel pack. A gravel pack is usually com- 
prised of a mass of sand within the interior of a well. 
The sand bed completely surrounds a length of tubular 
goods containing very narrow slots or small holes; such 
goods are sometimes referred to as slotted liners or sand 
screens. The slots or holes permit the flow of fluid 
therethrough but are too narrow to permit the passage 
of the sand. The slotted liner or sand screen can be 
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connected through a packer situated up-hole of the from the formation into the wellbore. Terrninating this 

gravel pack to production tubing extended from the water movement may require remedial efforts other 

wellhead. The gravel pack ordinarily consists of sili- than those referred to previously which feature plug- 

ceous material having sand grains in the range of from ging perforations, holes, cracks and the like in casing, 

about 10 to about 100 mesh. 5 cement sheath and gravel packs, all of which occur 

The gravel pack, which can be situated in the casing within the confines of the wellbore itself, 
in the perforated interval, traps the small pieces of for- Recently, a better solution to all of the problems 
mation material, for convenience herein referred to as mentioned above has been developed and utilized sue- 
formation fines or sand, which flows from the formation cessfuUy. The solution involves the use of ultra fine 
with the fluid through the perforations and into the 10 hydraulic cement compositions and is described in de- 
gravel pack. Accordingly, neither formation sand nor tail, for example, in U.S. Pat. No. 5,086,850 issued on 
gravel pack sand penetrates the slotted tubing and only Feb. 11, 1992 to Harris, et al. The ultra fine cement 
fluid is permitted to pass into the tubular goods. compositions and methods described in U.S. Pat, No. 

The above expedient performs nicely until undesired 5,086,850 have been utilized successfully in primary 

fluid begins to penetrate the gravel pack from the for- 15 cementing, squeeze cementing and the other forms of 

mation. At that point the flow of undesired fluid, such well cementing mentioned. However, a problem which 

as water, must be terminated preferably in a way which has persisted in the use of ultra fine cement composi- 

will not necessitate removal of the gravel pack. tions occurs when the compositions are subjected to 

The problems referred to above uniformly deal with high temperatures, i.e., temperatures in the general 

the unwanted passage of materials into or from very 20 range of from about 140° F. to about 250° F. In carrying 

small undesirable openings in a well, including the ce~ out cementing operations of the type described above in 

ment sheath constructed during a primary cementing deep hot wells, the ultra fine cement composition is 

procedure. Still another problem involved in the con- heated to temperatures in the above mentioned range 

struction and repair of wells involves the primary ce- which, heretofore, has often caused premature gelling 

menting procedure itself. 25 of the cement composition and the very severe prob- 

Primary cementing, as described above, is conducted lems attendant thereto. While prior art set retard ers 

during the construction of a well and involves the have been included in the ultra fine cement composi- 

placement of a volume of a slurry of a hydraulic cement tions, e.g., lignosulfonates, predictable retardation of 

and water into the annular space between the walls of the compositions at temperatures above about 140° F. 

the wellbore and the exterior of primary casing such as 30 has not been obtained. 

conductor pipe, surface casing, and intermediate and Brothers, in U.S. Pat. No. 5,263,542, addressed the 
production strings. The slurry is permitted to solidify in problems attendant upon the use of ultra fine cement 
the annulus to form a sheath of hardened cement, the compositions at temperatures above 140° F. and up to 
purpose of which is to provide physical support and about 245* F. Brothers thus discloses the use of a set 
positioning of the casing in the wellbore and to isolate 35 retarder comprised of a methylenephosphonic acid de- 
various formations penetrated by the wellbore one from rivative. 

another. In spite of the contribution of Brothers, there remains 
A problem encountered during primary cementing is a need for a set retarded ultra fine cement composition 
centered upon the weight (that is the density) of the which remains pumpable for a predictable period of 
slurry itself. In certain circumstances the hydrostatic 40 time and for methods of using such composition in re- 
pressure developed by a column of slurry overcomes medial cementing and primary cementing operations, 
the resistance offered by a formation in which case the ot t\a\a a u v n*7 txtp TM\/T?xrTTr>xj 
formation fractures or otherwise breaks downwith the SUMMARY OF THE INVENTION 
result that a portion of the slurry enters the formation By the present invention, there is provided a method 
and the desired sheath is not formed. The formation 45 of retarding the set of a slurry of an ultra fine cement in 
breakdown thus occurs prior in time to development of water at temperatures in the range of from about 140° F. 
sufficient rigidity or hardening of the cement to enable to about 400° F. comprising adding to the slurry, as a set 
it to be self-supporting. retarding additive, a water soluble aliphatic compound 
One solution has been to reduce the density of the containing at least three carbon atoms and at least one 
slurry so that the pressure developed by the required 50 phosphonic acid ot phosphonate group. There is also 
slurry height will not exceed the ability of the formation provided by this invention a set retarded ultra fine ce- 
to resist breakdown. This expedient can result in sheaths ment composition which remains pumpable for a pre- 
having physical deficiencies such as reduced strength or dictable period of time at temperatures in the range of 
increased permeability or both. Another solution has from about 140° F. to about 400° F. and methods of 
been to reduce the weight of the slurry while maintain- 55 using such compositions in primary and secondary well 
ing density by reducing the quantity of slurry pumped cementing operations. The set retarded composition of 
in a single lift or stage to thus reduce the height of this invention is comprised of an ultra fine hydraulic 
slurry. This expedient requires several separate stages in cement having a particle size no greater than about 30 
order to produce the required sheath length. Time must microns and a Blaine Fineness no less than about 6000 
pass between stages in order to permit previous stages 60 square centimeters per gram, sufficient water to form a 
to develop strength sufficient to support the weight of pumpable slurry and the set retarder of this invention 
succeeding stages. The time expended waiting on ce- present in the slurry in an amount in the range of from 
ment to set is lost time in the process of constructing the about 0.01 pound to about 5.0 pounds per 100 pounds of 
well. dry cement therein. The set retarder of this invention is 
Still another problem involved in the operation of 65 a water soluble aliphatic compound containing at least 3 
wells revolves about the unwanted movement of water carbon atoms and at least one functional group selected 
via cracks and fractures in the subterranean formation, from the groups consisting of phosphonic acid groups, 
whether naturally occurring or deliberately produced, phosphonate groups, carboxylic acid groups, carboxyl- 
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ate groups and mixtures thereof wherein at least one of cosity increase in a period of time less than about 2 
said functional groups is a phosphonic acid group or a hours, or less than expected, as based upon previous 
phosphonate group. laboratory testing, is said to have experienced prema- 

Compounds within the scope of the above definition ture gelation. The ultra fine cement compositions of this 
preferred for use herein are further defined by the for- 5 invention do not experience premature gelation, 
mula: The compositions of this invention are comprised of 

ultra fine hydraulic cement, sufficient water to form a 
(l) pumpable slurry and a set retarder which causes the 
composition to remain pumpable for a predetermined 
R 1° period of time before gelation and setting of the compo- 

sition occurs. 

The ultra fine hydraulic cement is comprised of parti- 
cles of cementitious material having diameters no larger 

wherein R is H, tnan about 30 microns, preferably no larger than about 

15 17 microns, and still more preferably no larger than 
n about 11 microns. The distribution of various sized 

particles within the cementitious material, Le., the parti- 
cle size distribution, features 90 percent of them having 
a diameter not greater than about 25 microns, prefera- 
or — P(OX) 3 , X is — H, Na or K and n is 3, 4, 5, or 6 and 20 bly about 1Q Serous ^ ^1 more preferably about 7 
wherein at least one of said R groups is ~-1>(OX)s. microns, 50 percent having a diameter not greater than 

The compound most preferred for use herein is the abQUt 1Q pre ferably about 6 microns and still 

partially neutralized sodium salt of the compound 2- mQre eferably about 4 microns and 20 percent of the 
phosphono-1,2,4 butanemcarboxyhc acid, a 25 weight ^cles having a diameter not greater than about 5 
percent aqueous solution, having a P H of about 2.4, the 25 ^ pre ferably about 3 microns and still more pref- 

erably about 2 microns. 

The particle size of hydraulic cement can also be 
H cooh H H indirectly expressed in terms of the surface area per unit 

hooc— c— c c— c— COOH. 3Q weight of a given sample of material. This value, some- 

I I m I I times referred to as Blaine Fineness or as specific sur- 

H * 3 face area, can be expressed in units of square centime- 

, , . „ , ters per gram (cmVgram), and is an indication of the 

It is, therefore, a general object of the present inven- abilit ^ of 6 a cein entitious material to chemically interact 
tion to provide set retarded ultra fine cement compost- wifl / other materials . React ivity is believed to increase 
dons and methods. with increase in Blaine Fineness. The Blaine Fineness of 

• 0th .- r ° bJ n t ^^11^^ ™ iS the hydraulic cement used in the cementing methods of 
invention will be read.l ' W«t £ those ™m the £ nQ less than about 5000 cmVgram. The 

art upon a reading of the description of preferred em- preferably greater than about 7000, more pref- 

bodiments which follows. ^ ^ an(J m more preferably greater 

DESCRIPTION OF PREFERRED than about 13,000 cmVgram. 

EMBODIMENTS Cementitious materials of particle size and fineness as 

The set retarded ultra fine cement compositions of « out above are disclosed ^ P ^LY* S w ww 

this invention remain pumpable for a predictable period ^eluding U.S. Pat. No. 4,761,183 to Clark, which is 

of time at 25 temperatures above about 140*F. and up to 45 drawn to slag, as defin ed nerem,and ^ r f^ thereof 

about 400° F. whereby the cement compositions can be with Portland cement, and U.S. Pat No. 4,160674 to 

pumped into a zone to be treated without fear of prema- Sawyer, which is drawn to Portland cement. The ce- 

ture gelation occurring. It is understood by those skilled mentitious materials preferred for use m this invention 

in the art, that when a cement composition develops gel are Portland cement and combinations thereof with slag 

strength prior to being placed, the composition can 50 wherein the quantity of Portland cement included in 

become unpumpable and can set in undesirable ioca- any mixture of Portland cement and slag used can be as 

tions such as in the wellbore, in conduits disposed in the low as 10 percent but is preferably no less than about 40 

wellbore or in surface pipe and equipment. percent, more preferably about 60 percent, still more 

The term "gelation," when used in connection with a preferably about 80 percent and most preferably 100% 

cement slurry, is a reference to the development by the 55 Portland cement by weight of mixture, 

slurry of viscosity without concurrent development of Some of the problems solved by the use of a cementi- 

compressive strength. Ordinary development of viscos- tious material of very small particle size are attributable 

ity by a cement slurry to the extent that the slurry can- to the ability of the material to pass through very nar- 

not be pumped is referred to herein as "thickening time" row openings and penetrate into low permeability 

or as "pumping time" and is defined as the time required 60 gravel packs and formations. To solve other problems 

for a slurry to develop 70 Bearden Units of consistency, described above, the material when slurried in water 

or 70 Be units, after the slurry is made. (See API Speci- must exhibit a sufficiently low slurry density to enable 

fication 10, 3rd Edition, Jul. 1, 1986 at Section 8) use in situations requiring a light-weight cement which 

A cement slurry considered herein to be useful in nevertheless develops satisfactory compressive 
performing oil well cementing operations, among other 65 strength. In this regard the large surface area of the 
things, has a pumping time in the range of from about 2 cement, i.e., the Blaine Fineness, renders it more reac- 
to about 6 hours depending upon temperature. Accord- tive than cements of lower Blaine Fineness; accord- 
ingly, a slurry which becomes unpumpable due to vis- ingly, quantities of water greater than quantities usually 
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employed in well cementing operations can be em- expansive characteristics desirable in an oil field ce- 

ployed to thereby enable the formulation of slurries of ment. 

low density and low viscosity without unsatisfactory Slurries of water and the fine particle size cement of 

loss in strength. this invention, as previously mentioned, are very useful 

Thus, slurries useful herein can be formulated utiliz- 5 to penetrate, fill and harden in fine holes, cracks and 

ing ratios of the weight of water per unit weight of spaces such as might be expected to be found in well 

cementitious material in the range of from about 0.5 to casing, cement sheaths, gravel packs and subterranean 

about 5.0, preferably from about UO to about 1.75 and formations in the vicinity of a wellbore. By way of 

still more preferably from about 1.0 to about 1.5 pounds example, it is believed that such slurries are useful to 

water per pound of cementitious material. Water to 10 penetrate subterranean formations having effective per- 

cement ratios in excess of about 1.75 and up to about 5.0 mobilities as low as about 3000 to about 5000 millidar- 

can be formulated for highly specialized applications cies. Accordingly, a condition known as water conmg, 

requiring slurries of very low density and very low m which wa * er from a subterranean formation enters 

viscosity. It is noted, however, that slurries having such the wellbore in a rising or coning fashion, can be termi- 

high water ratios tend to exhibit free water separation 15 n ^ h ? squeezing a slurry of fine particle size cement 

and excessive solids settling. Additives can be utilized of this mvention into formations producing such water, 

to control free water separation and solids settling. wherei * the formations to be r^netratedcan have effec- 

The slurry densities of the fine cements of this inven- Permeabilities as low as 3000 to 5000 muhdarcies. 

tion are £wer than cements having usual particle sizes ^ In a ? d f°*' . a ™fr slurry of he fine particle size 

, r t _. ? j » * *K * 17 - 20 cement of this invention can be utilized to terminate the 

because of the high water ratios required to wet all of \ * J. c ^ , _ , 

^ ^ B i . , _ Ar ,? nn. unwanted flow of water through a zone in a gravel 

the surface area of the fine cement. The compressjve slurrycan be formulated to 

strengths, however of the set lower density slurries are * ^ ^ J ^ pack consisting of a packed 

satisfactory for both primary cementing and remedial ^ ^ ^ k ^ a particle size 

cementing purposes especially in view of the greater 1$ ^ Jow ^ lQQ mesh (about 150 ^cnm). Such a proce- 

reactivity of the fine cements. Also, and particularly m dure ^ be utiHzed to plug channels in gravel packs 

the case of slurries formulated at high water ratios, created by flowin g steam as well as by flowing water, 

where penetration into very small holes, cracks and sm tetherf a water slurry of fine particle size 

openings is the goal, water may mdeed be eventually cement of this invention can be formulated to penetrate, 

forced out of the fine penetrating particles to thereby 30 pJug md set ^ fme cmc te fa we n p ipe and in channels 

deposit in the target crack, opening or porosity a dense, md mjcroannulus spaces in and around the cement 

high-strength and highly water impermeable mass of set sn eath wherein such fme cracks can be as narrow as 

cement. about 0.05 millimeters (0.002 inches). 

Considering the range of water-to-cement ratios dis- witn regar d t o the above uses, but without being 

closed above, the densities of slurries which can be 35 bound by the following slurry design aid, it is consid- 

formulated utilizing the fine cement of this invention are ere( j f or commercial design purposes that a particle of 

in the range from about 9.4 to about 14.9, preferably given size in a suitable slurry as described herein can 

from about 1 1.0 to about 12.5 and still more preferably penetrate, fill and set in a crack, hole or void having a 

in the range of from about 1 1.5 to 12.5 pounds per gal- s ^ ze Q f approximately 5 times greater than the size of the 

Ion of slurry. 40 particle. Thus the 0.05 millimeter (50 micron) crack 

One particular advantage, in addition to the low referred to above can be penetrated by a slurry of parti- 
slurry densities available herein, is that the high water having a size of about 10 microns which is within 
ratios produce low heats of hydration. Thus, the fine ^ c scope of the cement of this invention, 
particle size hydraulic cement of this invention is quite it was mentioned previously that the rate of harden- 
useful when conducting cementing operations, and par- 45 G f t jj e f^g cement of this invention is related to the 
ticulariy primary cementing operations, adjacent to Blaine Fineness wherein the hardening rate increases as 
structures which may undergo undesired physical Blaine Fineness increases. In addition, the hardening 
breakdown in the presence of produced heat. Examples ra te is also related to the specific cementitious material 
of such structures include permafrost and gas hydrate being used and the temperature of the environment 
zones. 50 wherein the hardening reaction is proceeding. Thus fine 

Still another particular advantage accruing from particle size Portland cement, as hereinafter defined, 

using the ultra fine particle size Portland cement of this hardens more rapidly in low temperature environments 

invention is the observed unexpected expansion of the in the range of from about 30* F. to about 100° F. than 

cement during setting. This expansion property can does fine particle size slag cement, hereinafter defined, 

help prevent the formation of microannuli when the 55 Also Portland cement hardens more rapidly at elevated 

cement is used in primary cementing operations and can temperatures than does slag cement, 

help the formation of very tightly fitting plugs when the When an ultra fine hydraulic cement slurry is used in 

cement is used in squeeze cementing. well applications wherein the slurry is heated to tem- 

It is believed that this desirable expansive feature of peratures in the range of from about 140* F. and higher, 

the fine particle size Portland cement is due to the 60 the cement slurry has been subject to flash gelation 

chemical content thereof and particularly to the high whereby the time that the slurry remains pumpable has 

concentration of crystalline tricalcium aluminate (C3A) been unpredictable. Even when an ultra fine cement 

and sulfates present therein. It is thought that a Portland slurry includes heretofore utilized set retarders such as 

cement having a maximum particle size of about 11 lignosulfonates and other known retarders, premature 

microns, a Blaine Fineness of preferably greater than 65 gelation and setting has occurred, 

about 10,000 cmVgram, a C3A crystalline content of As previously mentioned, Brothers, in U.S. Pat. No. 

preferably about 3.Q percent or more and a sulfate con- 5,263,542, provided a set retarder comprised of a me- 

tentof preferably about 1.0 percent or more will exhibit thylenephosphonic acid derivative in an attempt to 
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solve the problem of premature gelation and to extend 
the set time of ultra fine cement at temperatures greater 
than 140° F. and up to about 250* F. These problems are 
again addressed and solved in accordance with the 
present invention by including in the ultra fine cement 
composition a set retarder comprised of a water soluble 
aliphatic compound containing at least 3 carbon atoms 
and at least one functional group selected from the 
groups consisting of phosphonic acid groups, phospho- 
nate groups, carboxylic acid groups, carboxylate groups 
and mixtures thereof wherein at least one of said func- 
tional groups is a phosphonic acid group or a phospho- 
nate group. 

Compounds within the scope of the above definition 
preferred for use herein are further defined by the for- 
mula: 




wherein R is — H, 



— C— OH 

or — P(OX)3, X is — H, Na or K and n is 3, 4, 5, or 6 and 
further wherein at least one of said R groups is — P- 
(OX)3- . 

The compound most preferred for use herein is the 
partially neutralized sodium salt of the compound 2- 
phosphono- 1,2,4 butanetricarboxylic acid, a 25 weight 
percent aqueous solution, having a pH of about 2.4, the 
formula of which is 



H COOH 
I I 

HOOC— C— C 

I 



H H 

I ! 

C— C— COOH. 



2-phosphono-l 
2-phosphono-l 
2-phosphono-l 
2-phosphono-l 

2- phosphono-l 

3- phosphono-l 
3-phosphono-l 



10 



15 



(1) 



20 



25 



30 



35 



40 



H P(OH) 3 H H 

The acid form of the above mentioned preferred 45 
compound is commercially available from Miles, Inc. 
under the tradename "BAYHIBIT-AM" in a 50 percent 
by weight aqueous solution. A sodium salt is also avail- 
able from Miles in powder form, a one percent aqueous 
solution of which has a pH of about 8.5. The preferred 50 
compound is made by neutralizing a 50 weight percent 
aqueous solution of the acid form with sodium hydrox- 
ide and diluting to a 25 weight percent aqueous solution 
having a pH of 2.4. 

Depending upon the particular amount of the re- 55 
tarder included in the ultra fine cement slurry, the 
slurry remains pumpable for a predetermined period of 
time. Generally, the set retarder is included in the slurry 
in an amount in the range of from about 0.01 pound to 
about 5 pounds per 100 pounds of dry cement in the 60 
slurry. As has been the practice in the art, prior to the 
preparation and pumping of an ultra fine cement slurry 
including the set retarder of this invention, the particu- 
lar amount of retarder to be included in the slurry for a 
desired pumping time can be predetermined by testing. 65 

Particularly suitable retarders falling within the defi- 
nition set forth in formula (1) above include 



10 

,4 butane dicarboxylic acid, 
,2 butane dicarboxylic acid, 
,2,4 pentane tricarboxylic acid, 
,2 pentane dicarboxylic acid, 
,4 pentane dicarboxylic acid, 
,5 pentane dicarboxylic acid and 
,2 pentane dicarboxylic acid. 



The set retarder useful herein is preferably employed 
in the salt form as an aqueous solution having a pH in 
the range of from about 2 to about 7. It is believed that 
the retarder can be transported as a non-hazardous ma- 
terial at a pH greater than 2. 

The set retarder of this invention does not cause large 
changes in pumping time of a slurry as a result of rela- 
tively small changes in the amount of retarder used in a 
slurry. That is, it is not concentration sensitive. Accord- 
ingly, use of the retarder in a cementing operation under 
field conditions is not complicated by the need to per- 
form extremely precise measuring operations in order 
to avoid either unexpectedly low or high pumping 
times. Thus, good retardation control is provided by 
this invention. 

The set retarder of this invention, in laboratory tests, 
has exhibited pumping time results which are reproduc- 
ible within acceptable limits. Set cement which in- 
cluded the set retarder in the slurry exhibits satisfactory 
compressive strength. Test results also indicate the pres- 
ence of a substantially linear relationship between the 
concentration of set retarder employed in a slurry and 
pumping time. 

The above described preferred set retarders are pref- 
erably included in an ultra fine cement slurry in an 
amount in the range of from about 0.1 to about 2 and 
most preferably in an amount in the range of from about 
0.3 to about 1 pound per 100 pounds of dry cement. 

In addition to the set retarder as described above, the 
ultra fine cement compositions of the present invention 
preferably includes a dispersing agent to facilitate the 
dispersion of individual ultra fine cement particles in 
water and to help prevent the formation of large ag- 
glomerated particles or lumping. 

While a variety of dispersing agents can be used, a 
particularly suitable dispersing agent is a polymer pre- 
pared by the caustic-catalyzed condensation of formal- 
dehyde with acetone or a substance derived from ace- 
tone wherein the polymer contains sodium sulfonate 
groups. Such a dispersing agent is commercially avail- 
able from the Halliburton Company of Duncan, Okla., 
under the trade designation "CFR-3TM" dispersing 
age, and is described in detail in U.S. Pat. No. 4,557,763 
issued on Dec. 10, 1985 to George et al. The dispersing 
agent is generally added to the water utilized to form 
the ultra fine cement slurry whereby it is present in the 
slurry in an amount in the range of from about 0.5% to 
about 2.0% by weight of dry cement therein. 

Another cement composition additive which is pref- 
erably included in the ultra fine cement compositions of 
this invention is a fluid loss control additive. A variety 
of such additives are available and can be used. A par- 
ticularly preferred such additive is comprised of a co- 
polymer of N,N-dimethylacrylamide and 2-acrylamido, 
2-methyl propane sulfonic acid. The copolymer is com- 
mercially available from the Halliburton Company 
under the trade designation "HALAD TM -344" addi- 
tive and is also described in U.S. Pat. No. 4,557,763. The 
copolymer is combined with an ultra fine cement com- 
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position in an amount in the range of from about 0.5% 
to about 2.0% by weight of dry cement therein. 

Another preferred fluid loss control agent which can 
be used is a graft polymer comprised of a backbone of 
lignin or lignite having grafted thereto pendant groups 5 
comprising at least one of homopolymers, copolymers 
and terpolymers of 2-acrylamido-2-methylpropanesul- 
fonic acid, acrylonitrile, N,N-dimethylacrylamide and 
their salts. Such a graft polymer fluid loss control agent 
is available from the Halliburton Company of Duncan, 10 
Okla., under the trade designation "HALAD ®-413", 
and is described in U.S. Pat No. 4,703,801 issued Nov. 
3, 1987 to Fry et al. When used, the graft polymer is 
combined with an ultra fine cement composition in an 
amount in the range of from about 0,5% to about 2.0% 15 
by weight of dry cement. 

Other commonly used additives in well cement com- 
positions may also be utilized in the compositions of this 
invention including additives for reducing the density 
of the compositions such as nitrogen, perlhe, fly ash, 20 
silica fume, microspheres and the like. 

Also, in order to help prevent the loss of compressive 
strength of said cement over time, a condition referred 
to as compressive strength retrogression, silica flour can 
be included in the compositions. Generally, if silica 25 
flour is utilized it is added to the compositions of this 
invention in amounts in the range of from about 0.15 to 
about 1.0 pound of silica flour per pound of hydraulic 
cement used. 

One preferred silica flour additive to help prevent 30 
compressive strength retrogression is available from 
Halliburton Company under the trademark "MICRO- 
SAND" silica flour, a high purity crystalline silica 
ground to a uniform particle size distribution. The aver- 
age particle size of "MICROSAND" additive is 5 mi- 35 
crons which renders it very useful with ultra fine ce- 
ment. The preferred quantity of silica flour, such as 
"MICROSAND" silica flour, is an amount in the range 
of from about 0.2 pounds to about 0.8 pounds and pref- 
erably about 0.4 pounds per pound of dry cement. 40 

As will be understood by those skilled in the art, a 
variety of other uses in the drilling, completion and 
production of wells not specifically mentioned herein 
can be made of the set retarded ultra fine cement com- 
positions of this invention. 45 

A particularly preferred set retarded ultra fine ce- 
ment composition which remains pumpable for a pre- 
dictable period of time at temperatures up to about 400° 
F. and higher is comprised of the following compo- 
nents: 50 

(a) an ultra fine hydraulic cement having a particle 
size no greater than about 30 microns, a Blaine 
Fineness no less than about 6000 square centimeters 
per gram, 90 percent of the particles having a diam- 
eter no greater than about 25 microns, 50 percent 55 
of the particles having a diameter no greater than 
about 10 microns and 20 percent of the particles 
having a diameter no greater than about 6 microns; 

(b) sufficient water to form a pumpable slurry (nor- 
mally an amount in the range of from about 0.5 to 60 
about 5.0 pounds of water per pound of dry cement 
used); 

(c) the set retarder of this invention present in the 
slurry in an amount in the range of from about 0.0 1 
pounds to about 5.0 pounds per 100 pounds of dry 65 
cement therein; 

(d) a dispersing agent comprised of a polymer pre- 
pared by the caustic-catalyzed condensation of 



formaldehyde with acetone or a substance derived 
from acetone wherein the polymer contains sodium 
sulfonate groups present in the slurry in an amount 
in the range of from about 0.5 pounds to about 2.0 
pounds per 100 pounds of dry cement therein; and 
(e) a fluid loss control agent comprised of a copoly- 
mer of N,N-dimethyiacrylamide and 2-acryIamido, 
2-methyI propane sulfonic acid present in the slurry 
in an amount in the range of from about 0.5 pounds 
to about 2.0 pounds per 100 pounds of dry cement 
therein. 

The methods of this invention for cementing a subter- 
ranean zone penetrated by a wellbore at a temperature 
in the range of from about 140° F. to about 400° F. 
comprise the steps of pumping a set retarded ultra fine 
cement composition of this invention into the subterra- 
nean zone, and then allowing the cement composition to 
set into a hard substantially impermeable mass in the 
zone. 

In order to further illustrate the compositions and 
methods of this invention, the following examples are 
given. 

In the examples set out below; The hydraulic cement 
employed was an ultra fine cement, as previously de- 
scribed, having a Blaine Fineness of about 13,000 
cmVgram and an average particle size of about 3.2 
microns wherein the largest particle size was not 
greater than about 15 microns. 

The water employed to produce the cement slurries 
tested was deionized water. 

A cement set time retarder was employed in the ma- 
jority of the tests. Tests performed without a retarder 
are provided for comparison purposes. In some tests the 
cement retarder employed was a prior art retarder de- 
scribed in U.S. Pat. No. 5,263,542, specifically amino- 
tri(methylenephosphonic acid). This prior art retarder 
is referred to in the examples as MMCR. In some of the 
tests a retarder of this invention, 2-phosphono- 1,2,4- 
butanetricarboxylic acid or the sodium salt thereof, was 
employed. The pH of the acid form, identified as PBTC, 
in a 50 weight percent aqueous solution was less than 
1.0. The pH of a 1% aqueous solution of the powdered 
sodium salt was 8.5 and is identified as SPBTC1. The 
pH of the partially neutralized sodium salt form, identi- 
fied as SPBTC2, in a 25 weight percent aqueous solu- 
tion, was about 2.4. 

A dispersing agent was employed in some of the 
compositions tested. The dispersant was a polymer 
prepared by the caustic-catalyzed condensation of 
formaldehyde with a substance derived from acetone 
wherein the polymer contains sodium sulfonate groups. 
The dispersant is available from Halliburton Company 
as "CFR-3" dispensing agent and is described in U.S. 
Pat. No. 4,557,763. 

"MICROSAND" additive, discussed above, to pre- 
vent the loss of compressive strength of set cement at 
high temperature, was added to the slurries tested. 

The various compositions tested are set out in Tables 
I, II-A and IV-A, below. 

EXAMPLE 1 

Ultra fine cement compositions were prepared and 
tested for thickening time at a temperature of 187* F. 
The recipes of the compositions tested and the test 
results are set out in Table I, below. 

Some of the compositions included the acid form of 
the retarder (PBTC) and some included the salt form 
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(SPBTC1). Also, some of the compositions included a 
dispersant and some did not 

It should be noted that all concentrations noted in 
Table I refer to the specific ingredient in the undiluted 
(100% active) form even though the ingredient, for 5 
convenience, may have been added in a diluted form. 

It is further noted that the retarder salt (SPBTC1) 
referred to in Table I was produced from a powder, a 1 
weight percent aqueous solution of which having a pH 
of about 8.5, 10 

Referring now to Table I, it is seen that thickening 
time can be substantially linearly increased by increas- 
ing the concentration of retarder in the slurry regardless 
of the form of the retarder, or the water ratio or the 
presence or absence of dispersant It should also be 15 
noted that desirable pumping times were obtainable at 
the test temperature at various water ratios, retarder 
form and concentration and dispersant content. 

Specifically, comparing the results obtained on com- 
positions 1, 2, and 3, with those obtained on composi- 20 
tions 4, 5, and 6, reveals that the dispersant apparently 
has a retardant effect in combination with the retarder. 
Similar observations are evident when comparing com- 
positions 7, 8, and 9, with compositions 10, 12, and 13. 

Comparing the results obtained on compositions 9, 25 
13, and 15 indicates that the salt form of the retarder, at 
least with respect to the salt form used in Table I, has a 
lesser retarding effect than the acid form. 

TABLE I 

Ultra Fine Cement Compositions and Thickening Times 
Retarder 

Water lg/100 lb Dispersant 

lb/100 lb dry cement lb/ 100 lb Thickening Time 
Composition dry cement PBTC SPBTC1 dry cement @ 187* R, Hours 



sodium hydroxide and diluting to a 25 weight percent 
aqueous solution having a pH of 2.4. 

It is further noted that the compositions in Table II-A 
include "MICROSAND" silica flour. For test tempera- 
tures of less than 200° F. the concentration of "MICRO- 
SAND" slica flour was 40 pounds per 100 pounds of 
dry cement. For test temperatures greater than 200° F. 
the concentration of "MICROSAND" silica flour was 
60 pounds per 100 pounds of dry cement. 

The observations made with respect to the results 
shown in Table I are also to a substantial degree ob- 
served in Tables II-A and II-B. 

TABLE II-A 

Ultra Fine Cement Compositions and Thickening Times 

Retarder "Microsand" 
Water lb/ 100 lb silica flour 

lb/100 lb dry cement lb/ 100 lb 

Composition dry cement PBTC SPBTC2 dry cement 



18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 



1 


99.96 


0.5 


0 


0 


2,57 


2 


99,96 


0.6 


0 


0 


2,33 


3 


99.96 


0.75 


0 


0 


5.17 


4 


99,96 


0.5 


0 


1.0 


3.45 


5 


99.96 


0.6 


0 


1.0 


5.03 


6 


99.96 


0.75 


0 


1.0 


9.12 


7 


174.93 


0.3 


0 


0 


1.9 


8 


174.93 


0.4 


0 


0 


4.2 


9 


174.93 


0.5 


0 


0 


8.73 


10 


174.93 


0.3 


0 


1.0 


3.7 


11 


174.93 


0,35 


0 


1.0 


5.4 


12 


174.93 


0.4 


0 


1.0 


7.3 


13 


174.93 


0.5 


0 


1.0 


12.23 


14 


174.93 


0.6 


0 


1.0 




15 


174.93 


0 


0.5 


1.0 


3.83 


16 


174.93 


0 


0.75 


!.0 


17.53 


17 


174.93 


0 


1.0 


1.0 


>22 



141.61 

141.61 

141.61 

141.61 

178.262 

178.262 

178.262 

178.262 

178.262 

178.262 

178.262 

178.262 



0.3 
0.4 
0.5 
0.6 
0.5 
0.6 
0.7 
0.9 
1.0 
1.1 
1.5 
1.75 



40 
40 
40 
40 
60 
60 
60 
60 
60 
60 
60 
60 



EXAMPLE 2 

Ultra fine cement compositions were prepared and 
tested for thickening time at various test temperatures 
from 140° F. to 400° F. The recipes of the compositions 55 
tested are set out in Table II-A. The test results are set 
out in Table II-B. 

Some of the compositions included the acid form of 
the retarder (PBTC) and some included the salt form 
(SPBTC2). All of the compositions included one pound 60 
of dispersant per 100 pounds of dry cement. 

It should be noted that all concentrations noted in 
Table II-A refer to the specific ingredient in undiluted 
(100% active) form even though the ingredient, for 
convenience, may have been added in diluted form. 65 

It is further noted that the retarder salt (SPBTC2) 
referred to in Table II-A was prepared by neutra lizin g 
a 50 weight percent aqueous solution of PBTC with 



30 


178.262 


2.0 


0 


60 


31 


141.61 


0.4 


0 


40 


32 


141.61 


0.5 


0 


40 


33 


178.262 


0.6 


0 


60 


34 


178.262 


1.0 


0 


60 


35 


141.61 


0 


0.3 


40 


36 


141.61 


0 


0.4 


40 


37 


141.61 


0 


0.5 


40 


38 


141.61 


0 


0.6 


40 


39 


141,61 


0 


0.7 


40 


40 


178.262 


0 


0.6 


60 


41 


178.262 


0 


0.75 


60 


42 


178.262 


0 


0.9 


60 


43 


178.262 


0 


1.0 


60 


44 


178.262 


0 


2.0 


60 


45 


178.262 


0 


3.0 


60 


46 


141.61 


0 


0.5 


40 


47 


141.61 


0 


0.6 


40 


48 


178.262 


0 


0.75 


60 
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TABLE II-B 



Thickening Times 
Ultra Fine Cement Compositions 
Thickening Time, Hours 



Composition 140* F. 160' F. 190' F. 220* F. 250' F. 300° F. 350' F. 400* F. 

18 Z 1.33 — ~ — — - — 

19 — 3.5 1.33 — — — — — 

20 — 7,17 3.03 — — —— — 

21 - — 6.1 — — - - — 

22 - - - 2.8 - - - - 

23 — — — 3.83 — — — — 

24 — — - 6.83 - — — — 

25 _ _ - - 2.97 - - - 

26 - — - — 5.93 - - - 

27 - — ~ — 9.63 - - — 

28 - - - — - 3.5 - - 

29 _ — — — — 12.07 — — 

30 _ — — — — — 6.65 3.32 

31 - 4.03 — — — —— — 

32 - — Z23 — — — - - 

33 ______ 4.02 - - - - 

34 - ~ - — 4.7 - - — 

35 2.27 — — — — — _ — 

36 4.0 2.27 _ — — — — — 

37 5.63 3.75 2.33 __ — — — — 

38 — 4.87 4.32 — — — — — 

39 — — 7.38 — — — — ~ 

40 — — - 2.13 - - - " 

41 - - - 3.38 _«-.— — 

42 — — — 6.85 — — — — 

44 _____ — — 3.67 2.0 — 

45 __ — _ — _ — 6.25 4.18 

46 — 2.95 — — — —— — 

47 _ _ 3.65 — — — — — 

48 - - - 4.17 - - - - 



EXAMPLE 3 

Selected compositions from Tables I and II-A were 
tested for compressive strength at various temperatures. 
The compositions tested and the test results are set out 
in Table III. 40 

TABLE III 



24 Hour Compressive Strength of Selected 
Ultra Fine Cement Compositions 


Compressive Strength, ibj/Sq. In. 


Composition 187* F. 


200' F. 


250* F. 272' F. 


4 


580 




10 225 




— 213 


14 197 




— 215 


37 — 


836 




38 — 


795 


1973 — 


41 — 




1742 



45 



50 



EXAMPLE IV 

Ultra fine cement compositions were prepared and 55 
tested for thickening time at various test temperatures 
from 140* F. to 300* F. The recipes of the compositions 
tested are set out in Table IV-A. The test results are set 
out in Table IV-B. 

The compositions either contained a prior art re- 60 
tarder (MMCR) as previously described (49-64) or no 
retarder at all (65 and 66). All the compositions in- 
cluded both a dispersant and "MICROSAND" silica 
flour as described above with respect to Table II-A. 

The compositions in Table IV-A and the results 65 
shown in Table IV-B are provided for comparison pur- 
poses only and are not examples of compositions of this 
invention. 



TABLE IV-A 


Ultra Fine Cement Compositions 






Retarder 


"Mtcrosand" 




Water 


lb/100 lb 


silica flour 




Ib/lOOIb 


dry cement 


lb/100 lb 


Composition 


dry cement 


MMCR 


dry cement 


49 


99.96 


0.17 


40 


50 


99.96 


0.26 


40 


51 


99.96 


0,35 


40 


52 


99.96 


0.44 


40 


53 


141.61 


0.1 


40 


54 


141.61 


0,2 


40 


55 


141.61 


0.3 


40 


56 


141.61 


0.4 


40 


57 


141.61 


0.5 


40 


58 


141.61 


0.6 


40 


59 


178.262 


0.75 


60 


60 


178.262 


1.0 


60 


61 


178.262 


2.0 


60 


62 


141.61 


0.3 


40 


63 


141.61 


0.4 


40 


64 


178,262 


0.75 


60 


65 


141.61 


0 


40 


66 


178.262 


0 


60 



TABLE IV-B 



Thickening Times 
Ultra Fine Cement 
Thickening Time, Hours 



Composition 140° K 160' F. 190* F. 220' F. 250* F. 300* F. 



49 


1.63 












50 


5.25 












51 


6.90 












52 


10.17 












53 


1.37 












54 


3.02 












55 


5.52 


4.12* 










56 


11.37 


6.98* 


3.0* 








57 






6.62* 
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Thickening Tiroes 
Ultra Fine Cement 
Thickening Time» Hours 



Composition 140* F. 160" F. 190* F. 220' F. 250* F. 300* F. 



58 
59 
60 
61 
62 
63 
64 
65 
66 



9.52* — 

— 7.9 — 

— — 4.8 



5.43 



7.10 



4.02 4.22 — — 

— — 10.53 — 
0.68 — — — 

— — 0.72 — 



•Slurry formed premature gel 



10 



15 



What is claimed is: 

1. A method of cementing a subterranean zone pene- 
trated by a welibore at a temperature in the range of 
from about 40° F. to about 400° F. comprising the steps 
of: 20 

pumping a set retarded ultra fine cement composition 
into said zone, said cement composition consisting 
essentially of, 

an ultra fine hydraulic cement having a particle size 
no greater than about 30 microns and a Blaine 25 
Fineness no less than about 6000 square centimeters 
per gram. 

sufficient water to form a pumpable slurry, and 
a set retarder comprised of a water soluble aliphatic 
compound containing at least three carbon atoms 30 
and at least one phosphonic acid or phosphonate 
group present in said slurry in an amount in the 
range from about 0.01 to about 5.0 pounds per 100 
pounds of dry cement therein. 

2. The method of claim 1 wherein said water soluble 35 
aliphatic compound is defined by the formula 



(1) 
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— COH 

or -P(OX)3, X is —-H, Na or K and n is 3, 4, 5, or 6. 

3. The method of claim 1 wherein said water soluble 
compound is selected from the group consisting of 

2-phosphono-l,4 butane dicarboxylic acid, 
2-pbosphono-l,2 butane dicarboxylic acid, 
2-phosphono- 1,2,4 pentane tricarboxylic acid, 
2-phosphono-l,2 pentane dicarboxylic acid, 

2- phosphono-l,4 pentane dicarboxylic acid, 

3- phosphono-l,5 pentane dicarboxylic acid and 
3-phosphono-l,2 pentane dicarboxylic acid. 

4. The method of claim 2 wherein said aliphatic com- 
pound has a pH in the range of less than about 1 to about 
8.5. 

5. The method of claim 4 wherein said aliphatic com- 
pound has a pH in the range of from about 2 to 7, X is 
— H or Na and said compound is present in said slurry 
in an amount in the range of from about 0. 1 to about 2 
pounds of dry cement. 

6. The method of claim 2 wherein said aliphatic com- 
pound is selected from 1, 2, 4 butanetricarboxylic acid 
and the sodium salt thereof having a pH of about 2.4 and 
is present in said slurry in an amount in the range of 
from about 0.3 pound to about 1 pound per 100 pounds 
of dry cement. 

7. The method of claim 6 wherein said cement com- 
position is further characterized to include a dispersing 
agent comprised of a polymer prepared by the caustic- 
catalyzed condensation of formaldehyde with acetone 
or a substance derived from acetone wherein said poly- 
mer contains sodium sulfonate groups present in an 
amount in the range of from about 0.5% to about 2.0% 
by weight of dry cement therein. 

8. The method of claim 7 wherein said cement com- 
position is further characterized to include a fluid loss 
control agent comprised of a copolymer of N,N-dime- 
thylacrylamide and 2-acrylamido, 2-methyl propane 
sulfonic acid present in an amount in the range of from 
about 0.5% to about 2.0% by weight of dry cement 
therein. 



wherein R is — H, 
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[57] ABSTRACT 

A grouting composition, a method of grouting and a 
formation so grouted are disclosed. The composition 
comprises a very small particle size slag, an equal or 
greater weight of water and the optional components 
cement, alkali silicate, anionic dispersant, a source of 
orthophosphate ions, sodium hydroxide and sodium 
carbonate. The grout is particularly adapted to the 
treatment of "tight" or low permeability formations 
being low in viscosity and having controllable set time 
and hardening time as well as high strength upon hard- 
ening. Being based on slag, a byproduct, the grout is 
economical. 

17 Claims, No Drawings 
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1 2 

titious materials in one component and silicates in a 

GROUTING COMPOSITION COMPRISING SLAG second component. 

In its various aspects this invention concerns: (1) a 

This invention provides an improved and economical composition adapted for use in grouting, (2) a method of 

grouting composition or grout, which is suitable for 5 grouting comprising preparing the composition and 

stabilizing and strengthening earthen formations, espe- injecting the composition into a formation and (3) a 

cially those employed in permanent structures such as formation grouted by the composition, 

buildings, tunnels and dams. The composition and the The grouting composition of this invention comprises 

methods and procedures for its use are particularly an ultrafme slag and water. The ultrafine slag is a ce- 

suited to curtain grouting dams, sealing off under- 10 raentitious material (CM) having a specific surface area 

ground streams, isolating of buried containers, reinforc- greater than 9500, preferably greater than 1 1,000 and 

ing and protecting of building foundations, protecting most preferably greater than 13,000 square centimeters 

of excavations, especially those used in the construction P«r gram and, by weight, less than 3%, preferably less 

of subways, breakwater and bridge piers, and other than 1.5% and most preferably no particles of the slag 

applications for sealing or closing of passageways to the « larger than 7.8 micrometers (urn) m diameter. (The 

transport of fluids therethrough. The grouting composi- ^ a J5 *f and particle size are measured by the use of 

tion of this invention is particularly fluid having an Microtrac ® instrument further described hereinbe- 

equal or greater weight of water than cementitious low.) An optional c^mentmous material in the composi- 

t * i tion is cement having a specific surface area greater 

though relatively low in cost, the composition is 20 *»» 7000 ' P ref f rabl ££ eatcr than 8000 and most prefer- 

Aunougn rciauvciy «■ " ably greater than 9000 square centimeters per gram 

surprisingly efficient, especial y m a one componc nt £ f than 16%, preferably less thaf 7% 

m £Z*TJ TOC *T ^ rT^^ aSZJ^S and most preferably less than 3% of particles of the 

predictable set time, high t ultimate strength and produc- £ than f g micrometers in diameter as mea- 

tng a sealed formation of very low permeability to flu. 25 * e Microtrac® instrument. The preferred 

ids, particularly aqueous systems. This composition, cement \ 8 portland cem ent. 

comprising a suspension of cementitious sohds, pene- Xhc cementitious material is at least 40%, preferably 

trates formations with a facility hithertofor considered ^ mQrQ referably 80% ^ most pre ferably 100% 

characteristic of solution grout compositions but devel- glag by we |^ t 

ops the higher formation strength characteristic of the 3Q ^ watef to ce mentitious material weight ratio is 1:1 

best suspension compositions. to l2 :2, or greater preferably 1.5:1 to 7:1 and most pref- 

Being free of organic chemicals except for a small 2:1 ^ 3:1 i e there k ai ways at i east as much 

amount of dispersant, by its nature substantive to the water ^ cementitious material and sufficient water to 

matter in the formation being grouted, the grout of this form a fiowable grout. 

invention is non-polluting. This grout does not contrib- 35 For adapting to specific use requirements or operat- 

ute to underground water or soil pollution in formations mg conditions, additional materials in the grout are as 

in which the grout is used. The non-polluting aspect of follows, amounts being in weight percent solids based 

the grout is particularly important in environmental on the weight of cementitious material unless otherwise 

improvement applications. In these applications the noted: 

very low permeability, to water and other fluids, of the 4Q A.n effective amount of dispersant to disperse the 

grouted substrate is a most significant property resulting cementitious material, preferably up to 2%, and most 

from the use of this invention. Examples of environmen- preferably 0.2% to 0.5%. 

tai improvement applications are the sealing of reser- NaOH, Na2C03 or a mixture of these, when era- 

voirs for storage of waste materials, including toxic and ployed, is greater than zero and up to about 15%, pref- 

radioactive wastes, and the sealing of formations where 45 erably up to 10% and most preferably about 3% to 8% 

unwanted seepage into underground aquifers is occur- of the weight of slag plus about 0% to 4% of the weight 

ring. of cement. 

A major application of the grout of this invention is An alkali silicate, when employed, is greater than 

rehabilitation of structures such as buildings, bridges, zero and up to about 150%, preferably 30% to 75%. 

dams and subways. A particularly important application 50 When an alkali silicate is present, up to about 10%, 

is the regrouting of dam curtains, especially grouted preferably about 1% to 5% of orthophosphate ion is 

curtains which have shown evidence of deterioration. also provided. 

Such deterioration is often evidenced by increased seep- Other optional ingredients comprise materials such as 

age and even eventual loss of dam core material. inert filler material as discussed hereinbelow. 

The "one component" or single fluid grout of this 55 In certain applications combinations of slag and ce- 

invention does not have the difficultly controlled on site ment have the most appropriate properties, in others, 

mixing and proportioning operations inherent in other alkali silicate is desired as a third large component of the 

types such as "two component" systems. The single composition, in still others, slag and silicate give the 

fluid grout of this invention contain the necessary ingre- desired properties. One of the advantages of this inven- 

dients to produce the final high strength solidified state. 60 tion is the ease with which the composition can be al- 

The single fluid grout is programmed, by composition, tered to adapt to set time, strength, ultimate permeabil- 

to have a set time high enough to facilitate ease of injec- ity of the grouted formation and other requirements for 

tion into a formation to be grouted yet low enough to the specific job. Combinations of portland cement and 

prevent its dilution or loss from the formation grouted. slag in the composition furnish grouts having an out- 

However, in certain applications of this invention 65 standing combination of permeation, set time and 
very fast set times, such as five to thirty minutes, are strength; even modest amounts of cement in such corn- 
desired. These are readily achieved by two component positions produce grout having a controllable desirable 
grout compositions which employ the ultrafine cemen- set time. Combinations of these ingredients lead to opti- 
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mum strength, particularly unconfmed compressive 
strength. 

The slag employed in this invention is a by-product 
obtained in the blast furnace process of smelting iron 
ore to produce iron. The slag is produced by a conven- 5 
tional process, outlined below, utilizing grinding and 
separating steps well known in the art. In the blast fur- 
nace, slag is generated, typically at about 1550* to 1650° 
C, from other minerals in the iron ore, coke ash and the 
limestone used as a flux. This slag is skimmed from 10 
above the iron, granulated by treatment with water and 
ground. Typically the granulation employs high pres- 
sure water sprays followed by immersion of the slag in 
a pit of water to produce a slag having a high glass 
content. However produced, it is desired that the slag \$ 
used in this invention have a high glass content, prefera- 
bly above about 95% glass. It is also preferred that the 
water content be low, preferably below about 15%. 
Typical dry composition range and two examples of 
slag are (in weight percent): 20 



Comp- 
sition 


SK>2 


AI2O3 


CaO 


MgO 


FcO 


S 


M112O3 


Usual 
Range 
Typical 
Typical 


30-40 


8-18 


35-50 


0-15 


0-1 


0-2 


0-2 


36.4 
35.5 


16.0 
11.4 


43.3 
39.4 


3.5 
11.9 


0.3 
0.2 


0.5 
0.2 


<0.1 
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The slag used in this invention has a specific surface 
area over 9500 cm 2 /gm, desirably over 1 1000 cmVgm 30 
and most preferably over 13000 cm 2 /gm. 

The high glass content, finely divided slag yields a 
grout having excellent sulfate resistance and readily 
controlled setting and hardening times in a relatively 
inexpensive formulation. High sulfate resistance is par- 35 
ticularly important with regard to long term stability of 
the grouted formation. Grout failures after five or ten 
years have been attributed to sulfate attack. The slag- 
rich compositions of the present invention have long 
term stability in formation and are also useful in regr- 40 
outing formations in which a previous grout has exhib- 
ited signs of failure. The grout is particularly inexpen- 
sive because of the comparatively low cost of slag, a 
byproduct of iron production. 

High level of penetration into a tight formation asso- 45 
ciated with high permanance renders the instant com- 
position valuable in many applications. One example is 
in radioactive waste storage in shafts deep in rock for- 
mations where the instant grout composition is em- 
ployed to permeate the rock around the waste contain- 50 
ers and thus furnish a secondary barrier to both intru- 
sion of ground water and leaking of waste from the 
containers. 

Portland cement is a hydraulic cement consisting 
mainly of calcined silicates of calcium. Five types of 55 
Portland cement (I through V) are generally recog- 
nized, their manufacture, properties and characteristics 
are described in detail by J. F. Young, ACI (American 
Concrete Institute, Detroit, Mich.) Education Bulletin 
No. E3-83, pages 1 through 8, herein incorporated by 60 
reference. 

It is a novel feature of this invention that cementitious 
material having the fine particle size and distribution 
described is formulated in a composition producing a 
high strength grout having a readily controlled set time. 65 

While portland cement and/or slag are preferably 
used without inert filler material, in some instances it 
may be desirable to incorporate limited amounts of 



other solids meeting the particle size specifications spec- 
ified for slag hereinabove. Such other solids are clay, 
bentonite, kaolin, vermiculite, limestone, silica flour, 
silica fume and other well known inert solids. The 
amount of these employed is to be minor so as not to 
reduce the strength of the set grout below desired val- 
ues such as those in the examples of this invention here- 
inbelow. 

The alkali silicate is preferably an aqueous colloidal 
suspension of an alkali salt of silicic acid. Throughout 
the specifications and claims, the term "alkali silicate" is 
intended to refer to alkali metal silicates having an alkali 
metal oxide:silicon dioxide weight ratio within the 
range of from about 1.0:3.0 to 1.0:4.0, notably sodium 
silicates having a sodium oxidersilicon dioxide weight 
ratio within the range of from about 1:3.0 to 1:4.0, pref- 
erably, about 1:3.0 to 1:3.5. An especially preferred 
material is an aqueous sodium silicate having a sodium 
oxide:silicon dioxide ratio of about 1:3.2 to 1:3.3 and a 
Na20:Si02 solids content of about 35 to 45%. The term 
"alkali metal", as used in the specification and claims is 
intended to refer to the various alkali metals, i.e., so- 
dium, potassium, lithium, rubidium, cesium and mix- 
tures thereof. Silicates of potassium and sodium are 
more generally available. Because of their lower cost 
and availability, sodium silicates are more widely used 
and therefore are preferred in the practice of the present 
invention. Particular reference hereinafter is made to 
such silicates. The alkali silicate is especially useful in 
the preparation of low cost compositions having a very 
fast set time for uses such as underground water control. 

The dispersant is selected from the well-known group 
of materials used to disperse solids, preferably water- 
wetable solids, in aqueous systems. The dispersant 
serves to aid the penetration of water into the finely 
divided solids to produce a suspension of unassociated 
or unagglomerated particles. These dispersants are gen- 
erally negatively charged or anionic electrolytes espe- 
cially polyelectrolytes, such as polycarboxylates and 
polysulphonates. Examples include sodium or ammo- 
nium salts of polymethacrylic acid, diisobutylene- 
maleic anhydride copolymer, copolymers of acrylic, 
methacrylic and maleic acids, organic phosphates, sul- 
fonated naphthalene formaldehyde condensates, sulfo- 
nated natural products and other sulfonated polymer 
condensates. 

The orthophosphate ion is any of the orthophosphate 
ions generally existing in equilibrium with each other in 

aqueous solution, PO4 , HPO4 — and H2PO4-. In 

highly alkaline systems it is expected that PO4 

predominates. Two of the most available sources of 
orthophosphate ion are orthophosphoric acid, H3PO4 
and sodium phosphate decahydrate, Na3PO4.10H2O. 
Phosphoric acid is commonly the commercial grade 
85%, by volume, with water. Other phosphates such as 
the polyorthophosphates, may be employed as the 
source of the orthophosphate ion. The orthophosphate 
ion is useful in control of the set time, especially in grout 
compositions comprising alkali silicates, by delaying 
setting. 

The NaOH is commercially available in solid and 
aqueous solution grades, the Na2COa is usually a solid 
grade, each serves to control the rate of hardening of 
the composition, particularly in formulations high in 
slag. Thus, NaOH and/or Na2C03 may be regarded as 
a set time catalyst which has little if any effect on other 
properties of the grout, however overdosage will de- 
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crease strength. Favored are formulations in which the 
Na2C03 is less than equal to NaOH by weight 

The importance of controlled rapid set time is seen, 
for example, in dam curtain rehabilitation. In a typical 
case water is moving through the curtain, at perhaps 5 
one or two feet per hour, and the grout injection holes 
in the dam curtain are on ten foot centers. Thus the set 
time of the grout must be less than five hours, preferably 
in the half hour to five hour range and must be predict- 
able. This invention teaches predictability in both set 10 
time and permeation, particularly in tight formations 
previously grouted where degraded cement results in 
increased seepage. The ultrafine slag permeates the 
degraded cement, hardens and reduces seepage of the 
rehabilitated dam grout curtain. 15 

In general, port] and cement contributes to decreasing 
the set time and increasing the strength of a formulation. 
Slag, without cement has longer set times but this is 
controlled by the use of NaOH and NazCC^. Higher 
than optimum levels of NaOH and Na2C03 tend to 20 
decrease the final strength and increase the cost of the 
formulation. When alkali silicate is employed, optimiza- 
tion of the slag-cement-silicate ratios can result in a 
formulation with too fast a set. This low set time can 
then be increased, with little effect on strength, by the 25 
addition of phosphate ions. In all formulations the vis- 
cosity of the grout is readily controlled by the amount 
of water present. Thus in each case the invention 
teaches the balancing of the composition variables 
needed to give the optimum grout for the given applica- 30 
tion. 

Another novel feature of this invention is based on 
the finding that NaOH and Na2C03 are unexpectedly 
efficient and effective in controlling the set time of 
mixtures of slag and alkali silicate. When cement is used 35 
to control the set time of admixtures with slag and sili- 
cate there is the difficulty of mixing the appropriate 
ratio of the three large components in the field and a 
second difficulty is that flocculation of the system occur 
before setting. The latter leads to poor permeation of 40 
the formation being grouted. The use of NaOH, Na2- 
CO3 or a mixture of these speed the set time to a suitable 
range, employing a small amount which is easily mea- 
sured and added in the field, and additionally produces 
no separation or flocculation in the grout before setting. 45 
Finer control of the set time can be obtained by the 
addition of phosphate ion as in other alkali silicate sys- 
tems, if desired. 

Without being bound by theory, offered as a peda- 
gogical aid in teaching the invention, it is clear that 50 
since the slag is essentially free of available calcium ion 
the formation of calcium silicate does not occur. The 
formation of the calcium salt is likely to be responsible 
for the separation or flocculation observed when ce- 
ment is present. The lack of exchangeable calcium in 55 
slag is also thought to contribute to the effectiveness of 
the NaOH and Na2<X>3 in acceleration of the setting of 
silicate-slag systems. 

The following examples will further illustrate the 
invention but are not intended to limit it in any way. All 60 
parts and percentages are by weight and all tempera- 
tures in degrees Centigrade unless otherwise noted. 

Particle Size of Cementitious Materials 

The particle size of the materials is determined by a 65 
laser light scattering particle size distribution apparatus 
identified as a Microtrac® particle size analyzer 
(Leeds and Northrup Instruments, North Wales, Pa, 



19454). Measurements are made in the 0.7 to 125 milli- 
micron (um) range and are presented in terms of the 
volume of particles in size channels having a size ratio 
of approximately 1.4 between channels. Table I. pres- 
ents results of the average of three runs given as the 
percent larger than the stated size for each channel limit 
and the calculated volume surface area of the sample in 
square meters per cubic centimeter. The volume surface 
area can be converted to the specific surface, in square 
meters per gram, by dividing by the density of the mate- 
rial. Portland cement density is considered 3.15 grams 
per cubic centimeter as in ANSI/ASTM standard C 
204-78a; slag density is considered 2.92 grams per cubic 
centimeter. 

The procedure for analyzing slag samples in the Mi- 
crotrac (g) is as follows: Two grams of slag are dispersed 
in reagent grade alcohol (denatured ethanol) until the 
equilibrium uncalibrated sample volume (dV) is reached 
without the presence of air bubbles. Each sample is 
analyzed in three 30 second runs, the results are then 
averaged. 

The particle size data resulting from a triplicate set of 
Microtrac ® measurements are a table of volume per- 
cent of sample larger than a given size, diameter, in 
micrometers. The Microtrac® instrument also fur- 
nishes the following summary data, employing these 
abbreviations: 

dV: Uncalibrated Sample Volume 

%10: Microns at 10th percentile 

%50i Microns at 50th percentile 

%90: Microns at 90th percentile 
MV: Volume Mean Diameter 

CS: Calculated Surface Area (mVcc) 

STD. DEV.: Standard Deviation 

Ma: Area Mean Diameter 

Table I presents the particle size data for typical 
examples of the slag of this invention (Ml) and the 
cement of this invention (M3). In table II is a summary 
of the particle size data obtained on a number of sam- 
ples. 



Particle Size Distribution, Table L 



Channel 





Upper Limit 




Percent Larger Than 




(um) 




Sample Ml 


Sample M3 




31 




0.0 


0.0 




22 




0.0 


1.1 




16 




0.0 


3.9 




11 




0.0 


7.4 




7.8 




1.5 


14.9 




5.5 




8.4 


27.6 




3.9 




19.4 


42.8 




2.8 




34.1 


57.0 




1.9 




53.9 


72.6 




1.4 




76.0 


87.8 




0.9 




92.9 


97.8 




0.7 




100.0 


100.0 






Summary of Microtrac Data, Table II. 






% Coarser % Coarser 


CS cmVgm 


Sample 


Code 


than U 


um than 7.8 urn 


Ml 


4/17 


0.0 


1.8 


3.901 13200 


Ml 


5/8 


0.0 


0.8 


4.035 13900 


Ml 


5/8 


0.0 


0.9 


3.710 12700 


Ml 


8/15 


0.0 


1.5 


3.176 10900 


Ml 


8/15 


0.0 


1.8 


3,065 10500 


Ml 


12/5 


0.0 


0.0 


4.391 15100 


Ml 


12/5 


0.0 


0.2 


3.981 13600 
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9& Coarser 


% Coarser 




cm^/gm 


Sample 


Code 


than 11 urn 


than 7.8 um 


CS 


Ml 


12/5 


0.0 


0.4 


3.856 


13200 


M3 


5/8 


7.4 


14.9 


2.263 


7180 


M3 


5/8 


7.5 


14.7 


2.321 


7370 


M5 


4/17 


2.3 


10.9 


2.570 


8480 


M5 


5/8 


1.3 


7.5 


2.876 


9490 


FS 


4/17 


2.3 


8.6 


2.572 


8810 


FS 


8/15 


2.0 


5.5 


2.886 


9880 


FS 


8/15 


1.4 


4.4 


2.762 


9460 


OS 


8/15 


27.7 


39.8 


1.683 


5760 


OP I 


12/29 


50.3 


59.5 


1.219 


3870 


OP III 


12/29 


40.0 


49.2 


1.667 


5290 



Symbols used in tables and examples: 
Ml «= ultra fine slag of this invention 
M3 m ultra/me cement 

M5 m ultrafme commercial slag/cement (80/70) 
FS m fine slag 
OS =■ ordinary slag 
OP I =» type 1 portland 
OP III » type III portland 



Set Time 

Set time and Other Physical Measurements are deter- 
mined by the following procedure, employing the for- 
mulations given in the tables. 

1. Water is added to a plastic cup 

2. NaOH and Na2CC>3 are added as required and 
dissolved. 

3. Dispersant is added and dissolved, 

4. Cementitious material is added and agitated for 10 
seconds by a high speed mixer. 

5. The cup is tilted periodically while the CM surface 
is observed. When there is no flow or gross motion 
of the CM surface while the cup is titled to 45 
degrees the time is noted; this is the set time. 

Other observations are also made on the sample. A 



some formulations this is a quick indication of harden- 
ing. Particularly at high water ratios, settling of the CM 
is observed; the percent of the total volume present as 
clear surface liquid is reported as percent settlement. 

5 Hardness development is monitored by measurement of 
the compressive strength and is reported along with the 
time after sample preparation. The strength measure- 
ment employs a handheld penetrometer (Soiltest CL« 
700 Pocket Penetrometer, Soiltest Inc., Chicago, 111.) 

10 and follows the manufacturers instructions. The pene- 
trometer is held by its handle with the piston at right 
angles to the CM surface. With steady pressure the 
piston is pushed into the CM to the depth of the calibra- 
tion groove about J inch from the end of the piston. The 

15 compressive strength is read on the scale of the instru- 
ment. 

Examples 1 and 2 show the effects of water ratio, 
NaOH content and Na2CX>3 content on the set time and 
other properties. It is seen that formulations with NaOH 

20 have lower viscosities than those with Na2C03, thus 
promote ease of permeation by the grout, but have 
higher set times. 

Ml, M3 and M5 are as defined in Summary of Micro- 
trac Data, Table II above, N2 is the dispersant, at 43% 

25 solids aqueous, sodium naphthalene sulfonate formalde- 
hyde polymer (CAS No. 9084-06-4). When present 
sodium silicate (Si02/Na20=3.22; employed as 37.8% 
aqueous) is further diluted with the second water 
charge to make the second component of a two compo- 

30 nent system. The two components are then mixed and 
the timing started. H3PO4. orthophosphoric acid, is 
85% acid (aqueous). 

EXAMPLE 1 
35 Accelerators 

1:1 Water/CM Ratio 



Formulation 

Water (gms) 

NaOH (gms) 

Na 2 C0 3 (gms) 

N2 (43%) (gms) 

Ml (gms) 

Results 

Viscosity 

minutes 

Set time (hi) 

kg/cm 2 0> 

hours 

kg/cm 2 * 1 ) 

hours 

Color 

hours 



A 


B 


C 


D 


E 


F 


G 


H 


I 


50 


50 


50 


50 


50 


50 


50 


50 


50 


1 


2 


4 








0.5 


1 


2 








I 


2 


4 


0.5 


1 


2 


0,5 


0,5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


50 


50 


50 


50 


50 


50 


50 


50 


50 


low 


low 


low 


med 


med 


high 


low 


low 


med 


15 


13 


12 


10 


9 


9 


7 


6 


5 


24 


8 


4.8 


4.7 


1.7 


0.6 


9 


4.7 


1.2 


>4.3 


>4.5 


>4,5 


0,25 


>4.5 


>4.5 


>4.5 


>4.5 


3.0 


33 


21 


21 


21 


21 


21 


21 


21 


4.7 








>4.5 










>4.5 








34 










7.8 


lb 


lb 


lb 


lb 


lb 


mb 


lb 


mb 


mb 


46 


21 


21 


21 


21 


21 


21 


21 


4.7 



^^Uncoafined Compressive Strength 
lb light blue 
mb medium blue 



qualitative estimate of the viscosity is made after the 
gross air entrained by the agitation has left but well 
before the sample has set Estimated viscosities are; 
medium — approximates mid-range motor oil, high — ap- 
proximates glycerine, low — water viscosity; all at room 
temperature. The color of the sample is observed; in 



EXAMPLE 2 
Accelerators 
2:1 Water/CM Ratio 





A 


B 


C 


D 


E 


F 


G 


H 


1 


Formulation 
Water (gms) 
NaOH (gms) 


100 
2 


100 
4 


100 
6 


100 


100 


100 


100 

1 


100 
2 


100 
3 



Na2COj (gms) 
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-continued 





A 


B 


C 


D 


E 


F 


G 


H 


I 


N2 (43%) (gins) 


0,5 


0.5 


0.5 


0.5 


0.5 


0.5 


0,5 


0.5 


0.5 


Ml (gms) 


50 


50 


50 


50 


50 


50 


50 


50 


50 


Results 




















Viscosity 


low 


low 


low 


med 


med 


high 


low 


med 


high 


hours 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


Settlement (%) 


50 


50 


30 


20 


20 


20 


30 


20 


10 


Set time (hr) 


8 


6 


4 


8 


6 


4.5 


9 


4.5 


2J 


kg/cm 2 W 


0.5 


2.0 


2.3 


soft 


soft 


0.5 


4.0 


0.25 


4.0 


hours 


18 


14 


14 


20 


20 


18 


14 


7.5 


7.5 


kg/cm 2 < J > 


2.3 


3.7 


3.7 


>4.5 


>4.5 


>4-5 


>4.5 


>4.5 


>4.5 


hours 


20 


20 


20 


33 


33 


20 


20 


10 


10 


kg/cmW 


>4.5 


>4.5 


>4.5 














hours 


72 


72 


72 














Color 


mb 


lb 


lb 


lb 


lb 


lb 


lb 


lb 


lb 


hours 


72 


14 


14 


33 


33 


18 


14 


10 


10 



(1) Unccm.fincd Compressive Strength 
Color Code 
mb medium blue 
lb light Wuc 



EXAMPLE 3 EXAMPLE 4 

Comparison of Set Times for Ml, M3, and M5 Set Time of Silicate/CM 



A B C D E F Q H 



Formulation 
Water (grams) 
N2 (43% solids) 
Ml (grams) 
M3 (grams) 
M5 (grams) 
Results 
Viscosity 



Settlement (%) 

minutes 

Set time (hrs) 

kg/cmZO) 

hours 

kg/cm 2 * 1 ) 

hours 

kg/cm 2 * 1 ) 

hours 

Color 

hours 



50 


50 


50 


50 


100 


100 


100 


100 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


50 






40 


50 






40 




50 




10 




50 




10 






50 








50 




low 


high 


low 


low 


low 


med 


med 


low 


15 


10 


8 


5 


60 


55 


50 


45 


15 


10 


5 


5 


10 


15 


20 


15 


93 


75 


67 


67 


55 


50 


41 


36 




0.8 


1.3 


0.8 


3.3 


2.7 


1.7 


8.3 


soft 


0.7 


4.0 


3.5 


soft 


4.0 


0.3 


0.3 


23 


9 


23 


23 


46 


23 


22 


22 


1.3 


3.0 


>4.5 


>4.5 


>4.5 


>4.5 


>4.5 


>4.5 


48 


12 


48 


46 


129 


46 


45 


46 


>4.5 


>4.5 














94 


23 














w 


dg 


db 


db 


w 


dg 


db 


b 


94 


96 


96 


96 


47 


46 


45 


45 



(t) Uncoo fined Compressive Strength 

Color Code: 

w a> white 

dg m dark gray 

db » dark blue 

b m blue 



A B 



Formulation 



Water (gms) 


50 


50 


N2 (43%) (gms) 


0.5 


0.5 


Ml (gms) 


50 




M3 (gms) 






M5 (gms) 




50 


Water (gms) 






Silicate SiOyWiiOQ.H, 37.8%) (gms) 






Results 






Set time (min) 


22 hr 


8hr 


Settlement (%) 


10 


20 


hours 


14 


14 


kg/crn 2 0) 


soft 


soft 


hours 


14 


14 


kg/cm 2 * 1 ) 


>4.5 


>4.5 


hours 


82 


82 


kg/cm *0) 






hours 






Color 


w 


b 



C 


D 


E 


F 


G 


H 


I 


60 


60 


60 


60 


60 


60 


60 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


18 


16 


20 






10 


15 


2 


4 




20 




10 


5 










20 






40 


40 


40 


40 


40 


40 


40 


38 


38 


38 


38 


38 


38 


38 


20 


6 


6 hr 


0.5 


1.7 


2 


3 


0 


0 


50 


0 


0 


0 


0 






34 










soft 


soft 


soft 


0.75 


0.7 


1.0 


0.2 


45 


8 


34 


I 




4 


4 


soft 


0.8 


soft 


3 


1.2 


1,8 


1.3 


94 


70 


93 


4 


22 


19 


19 


soft 


>4.5 


soft 


>4.5 


>4.5 


>4.5 


>4.5 


183 


172 


183 


20 


70 


82 


82 


w 


g 


w 


g 


g 


g 


g 



11 
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-continued 



(1> U neon fined Compressive Strength 
Color Code: 



b « blue 
g « gray 



EXAMPLE 5 
Set Time of Silicate/CM 



10 



12 





A 


B 


C 


D 


E 


F 


G 


H 


I 


hours 


82 


82 


94 


70 


93 


20 


22 


34 


34 



Permeation Test Procedure 
1. Press a rubber stopper into an end of the glass cylin- 



ABCDEFGH I 



Formulation _ 

Water (gms) 

N2 (43%) (gms) 

NaOH (gms) 

Na2<X>j (gms) 

Ml (gms) 

M5(gms) 

M3 (gms) 

water (gms) 

H 3 P04(85%) (gms) 

Silicate as in Ex. 4 (gms) 

Results 

Viscosity 

Set Time (hr) 

leg/cm 2 ^) 

hours 

kg/cm 2 ( ! > 

hours 

kg/cmW 

hours 



50 


50 


50 


50 


50 


50 


60 


60 


60 


0.5 


0.5 


0.3 


0.3 


0.5 


0.5 


0.2 


0.2 


0.2 


2 




0.5 




1.0 




0.8 








2 




0.5 




1,0 








50 


50 


25 


25 


50 


50 


20 




















20 




















20 


40 


40 


20 


20 


40 


40 


40 


40 


40 
















0.4 


0.4 


38 


38 


19 


19 


38 


38 


38 


38 


38 


med 


high 


low 


low 


low 


med 


low 


low 


low 


0,15 


0.25 


0.7 


1.5 


0.33 


0.5 


4.7 


0.16 


0.03 


0.3 


s 


s 


s 


s 


VS 


VS 


0.1 


0.2 


0.66 


15 


15 


15 


15 


14 


18 


4 


0.5 


1.5 


3 


s 


3 


1.2 


VS 




0.2 


0.5 


16 


40 


24 


24 


24 


24 




18 


4 


4.5 




s 


s 


s 


V5 






0,7 


24 




39 


39 


39 


38 






17 



^^Unconfined Compressive Strength 

Qualitative hardness code: 

s =5 soft 

vs m very soft 



40 

EXAMPLE 6 
Permeation Test 
The apparatus consists of: 

(1) a cell filled with fine sand, closed at each end by 45 
a stopper having a single central hole, 

(2) a pressurized grout supply tank connected to the 
bottom of the cell by tubing and 

(3) a delivering system consisting of a tube, connected 

to the top of the cell, leading to a graduated cylin- 50 
der collector vessel. The cell is a 5 cm I.D., 15 cm 
long glass cylinder having a sand-retaining assem- 
bly at each end. 
Each assembly consists of: 

(1) a 70 mesh per inch polyester sieve cloth for retain- 55 
ing the sand, 

(2) a close-fitting ca 5 cm O.D, flanged disk with 12 
holes 1/16 inch in diameter therethru, 

(3) a rubber stopper to seal the cylinder and to bear 
on the flange of the disk thereby creating a small 60 
plenum chamber between the disk and the stopper 
and 

(4) a metal end plate having a central hole to accom- 
modate the tube passing therethru and edge-holes 

to accommodate threaded rods. Wing nuts on the 65 
threaded rods tighten down on the end plates thus 
forming a frame which clamps the assembly to- 
gether so it can be pressurized without leaking. 



der and then put a perforated disk and a sieve cloth 
into the tube, 

2. Weigh enough Evanston beach sand for one sample. 

3. Pour one third of the sand into the glass cylinder. 

4. Place a solid metal cylinder as a weight (about 320 
grams) on the top of the sand, and apply a vibrator in 
the sand or against the glass. 

5. Repeat steps 3 and 4 twice: then place a sieve cloth 
and a perforated disk on the top of the sand. 

6. Press a rubber stopper on the other end of the tube 
and assemble the frame. 

7. Connect the supply and delivery tubes and apply 
pressure to water which is in the tank in order to 
saturate the sample. 

8. Disconnect the tube connected to the bottom of the 
sample and let the water drain out by gravity. Record 
the volume of the water drained from the tube and 
label it as VI. This is the void volume in the sample 
before the injection of grout. 

9. Prepare the grout and pour it into the tank emptied. 

10. Apply 2 psi air pressure to the tank and collect the 
effluent from the top of the sample. Tune the accumu- 
lated volumes of effluent and label them as V2, V3 
etc. 

11. The volume of slurry permeating the sample is VI 
plus V2, V3, or V4 respectively. 

Permeation Test Results 



Formulation ABCDEFGH 

CM Ml M5 Mi FS OS Ml Ml Ml 

WatcnCM 1:1 2: 1 2:1 2:1 2:1 2:1 2:1 2:1 



-continued 


Form illation 


A 


B 


c 


D 


E 


F 


G 


H 


Dispersant 


N2 


N2 


N2 


N2 


N2 


N2 


HSR 


HSR 


% solids 


0.43 


0.43 


0.43 


0.43 


0,43 


0.43 


0.6 


0.02 


on CM 


















Sand Wt (g) 


337 


355 


332 


336 


326 


336 


356 


344 


Sand Ht (cm) 


9.7 


10.1 


9.0 


9.8 


9.7 


9.9 


10.4 


10. 1 


Sand d. 


1.68 


1.7 


1.78 


1.66 


1.62 


1.64 


1.65 


1.64 


(g/cc) 


















VI (cc) 


13 


13 


14 


11 


13 


12 


14 


13 


V2 + VI 


55 


51 


99 


62 


30 


112 


92 


60 


(cc) 


















minutes 


1 


1 


1 


1 


1 


1 


1 


1 


V3 + VI 


81 


101 


204 


93 


38 


249 


162 


65* 


(cc) 


















minutes 


5 


5 


5 


5 


5 


10 


10 


5* 


V4 + VI 


89* 


123 


326 


122 


62 








(cc) 


















minutes 


10* 


12 


20 


20 


20 
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cles of the slag being larger than 7.8 micrometers in 
diameter. 

4. The composition of claim 3 consisting essentially of 
one part slag and, based on the weight of the slag, 1.5 to 

5 7 parts water, up to about 2% dispersant, and up to 
about 10% NaOH, Na2CC>3 or a mixture thereof. 

5. The composition of claim 4, the slag having a spe- 
cific surface area greater than 13,000 square centimeters 
per gram with no particles of the slag being over 7.8 

10 micrometers in diameter and, based on the weight of 
slag, about 2 to 3 parts water, about 0.2% to 0.5% dis- 
persant and about 3% to 8% NaOH, Na2C03 or a mix- 
ture thereof. 

6. The composition of claim 1 additionally compris- 
15 ing a cement as a second cementitious material, the 

cement having a specific surface area greater than 7,000 
square centimeters per gram and less than 16 weight 
^ percent of particles of the cement being larger than 7.8 

st ° micrometers in diameter, the slag being at least 40% of 

The test results showed the differences in permeation 20 total cementitious material by weight; the composi- 
among the grouts consisting of two parts water to one *> n comprising up to 12 parte by water per part cemen- 
v«w a* w * , . r , . . titious material by weight and an effective amount of a 

part c^menmous matenal by weight, employmg the N2 ^rZt disperse the cementitious material, 
dispersant at 0.43% solids on cement Data are dso P* J ition of claim 6> ^ slag having a spe . 

fm^ed l)atal:l mio withwa^ 25 ciflc surface ^greater than 1 1,000 square centimeters 

another dispersant, Lubncon HSR Amencan Adnux- with less than 1.5% by weight of particles of 

tures, Inc., Chicago, IL 60646) a salt of Hydroxylated £ e *^ being largcr than 7 . 8 „< crom * ters iHiameter, 
carboxync acids. t k e cemen t having a specific surface area greater than 

EXAMPLE 7 8000 square centimeters per gram and less than 7% by 

. _ . _ 30 weight of particles of the cement being larger than 7.8 

Permeability of Grouted Formation micrometers in diameter, the slag being at least 60% of 

A confined column of Evanston beach sand is the cementitious material by weight, and additionally 
grouted with each of the following grout formulations comprising NaOH, Na2C03 or a mixture of these being 
in parts by weight; up to 15% of the slag plus up to 4% of the cement by 

35 weight. 

8. The composition of claim 7 comprising, per part 
cementitious material by weight, from 1.5 to 7 parts of 
water and up to 2% dispersant. 

9. The composition of claim 8 consisting essentially 
40 of: slag having a specific surface area greater than 

13,000 square centimeters per gram and no particles of 
the slag being larger than 7.8 micrometers in diameter; 
The permeability of the sand after the grout is hard- cement having a specific surface area greater than 9000 
ened is very low being in the range 10- 7 to 10- 8 centi- square centimeters per gram and less than 3% by weight 
meters per second. 45 of particles of the cement being larger than 7.8 microm- 

The Evanston beach sand is a fine sand having the eters in diameter; the slag being at least 75% by weight 
following particle size distribution. of the cementitious material; two to three parts of water 

per part of cementitious material by weight; 0.2% to 
i 0.5% dispersant by weight based on the cementitious 

^St«^ Sieve: 40 50 TO 100 200 ^ ^ Na2 co 3 , NaOH or a mixture of these 

Wt P efcentfinen 9 2 9 2 i* Z ! bcing 3% to 8% 0 f the slag plus zero to 2% of the 

cement by weight. 

I claim: 10. The composition of claim 2 additionally compris- 

1. A fluid composition for grouting comprising: (i) i ng greater than zero and up to 150% alkali silicate 
slag as a first cementitious material, the slag having a 55 based on the weight of slag. 

specific surface area greater than 9,500 square centime- 11. The composition of claim 10, the slag having a 

ters per gram and less than three weight percent of specific surface area greater than 1 1,000 square centime- 
particles of the slag being larger than 7.8 micrometers in ters per gram and less than 1.5%, by weight, of particles 
diameter and (2) an equal or greater weight of water. Q f the slag being larger than 7.8 micrometers in diame- 

2. The composition of claim 1 additionally compris- 60 ter and, based on the weight of the slag, up to 2% dis- 
ing an effective amount of dispersant, to disperse the persant and up to 10% orthophosphate ion. 
particles of slag, and the composition comprising up to 12. The composition of claim 11 consisting essentially 
12 parts water per part slag, by weight. of slag having a specific surface area greater than 13,000 

3. The composition of claim 1 additionally compris- square centimeters per gram and no particles of the slag 
ing up to 15% NaOH, Na2C03 or a mixture thereof 65 being larger than 7.8 micrometers in diameter; 1.5 to 7 
based on the dry weight of the slag, and the slag having parts of water per part of slag by weight; and, based on 
a specific surface area greater than 11,000 square centi- the weight of slag, 30 to 75% alkali 'silicate, 0.2% to 
meters per gram and less than 1.5%, by weight, of parti- 0.5% dispersant and 1 to 5% orthophosphate ion. 





A 


B 


C 


Ml 


100 


100 


100 


N2 solids basis 


0.4 


0.4 


0.4 


NaOH 


1 


5 


10 


Water 


200 


200 


200 



13. The composition of claim 10 additionally com- 
prising a cement as a second ceraentitious material, the 
cement having a specific surface area greater than 7,000 
square centimeters per gram and less than 16 weight 
percent of particles of the cement being larger than 7.8 5 
micrometers in diameter, the slag being at least 40% of 
the cementitious material be weight. 

14. The composition of claim 13 comprising: slag 
having a specific surface area greater than 1 1,000 square 
centimeters per gram and less than 1.5% of particles of 10 
the slag being larger than 7.8 micrometers in diameter, 
cement having a specific surface are greater than 8000 
square centimeters per gram and less than 7% of parti- 
cles of the cement being larger than 7.8 micrometers in 
diameter, and, based on the weight of cementitious 15 
material, up to 2% dispersant and up to 10% orthophos- 
phate ion. 

15. The composition of claim 14 consisting essentially 
of: slag having a specific surface area greater than 



183 

16 

13,000 square centimeters per gram and no particles of 
the slag being larger than 7.8 micrometers in diameter; 
cement having a specific surface area greater than 9000 
square centimeters per gram and less than 3% by weight 
of particles of the cement being larger than 7.8 microm- 
eters in diameter; the slag being at least 75% by weight 
of the cementitious material; 1.5 to 7 parts of water per 
part of cementitious material by weight; and based on 
the weight of cementitious material, 30 to 75% alkali 
silicate, 0.2 to 0.5% dispersant and 1 to 5% orthophos- 
phate ion. 

16. The composition of claim 11 additionally com- 
prising NaOH, Na2C03 or a mixture of these, being 
greater than zero and up to 10% of the slag by weight. 

17. The composition of claim 14 additionally com- 
prising NaOH, Na2CC>3 or a mixture of these, being 
greater than zero and up to 10% of the slag by weight. 

***** 
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